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(57)Abstract 

PURPOSE: To produce a steel for nitrided spring excellent in fatigue strength and the spring by subjecting a low 
alloy steel material, in which the size of non-metallic inclusions in the cross section in a rolling direction is 
specified, to nitriding treatment. 

CONSTITUTION: A steel material, which has a composition containing, by weight, 0.3-0.7% C, 0.8-4% Si, 0.2-1.5% 
Mn, 0.4-3% Cr, 0.02-0.7% sol.AI, and <20ppm O and further containing one or more kinds among 0.05-0.5% V, 0.05- 
0.5% Nb, 0.05-0.5% Mo, and 0.1-3% Ni, is hot-rolled and wiredrawn. The resulting wire is formed into spring state, 
and, after formed into spring state having a structure where the size of non-metallic inclusions in 3600mm2 cross 
section in a rolling direction is regulated to <1 5>m, the resulting spring is nitrided. By this method, the nitrided 
spring, in which hardness in the part between the surface and a position at a depth of <10^m from the surface is 
regulated to <900 Vickers hardness Hs and also Vickers hardness Hi in the inner part is regulated to 450-570 and 
which has excellent fatigue strength, can be produced. 



LEGAL STATUS 

[Date of request for examination] 23.01.1996 
[Date of sending the examiners decision of rejection] 
[Kind of final disposal of application other than the 
examiner's decision of rejection or application converted 
registration] 

[Date of final disposal for application] 

[Patent number] 2783145 
[Date of registration] 22.05.1 998 

[Number of appeal against examiner's decision of 
rejection] 

[Date of requesting appeal against examiner's decision of 
rejection] 

[Date of extinction of right] 22.05.2003 



Copyright (C); 1998,2003 Japan Patent Office 



(WH+BMWW CP) 



(45)*ffB ¥J&10¥(1998) 8 R 6 B 



(B2) (ummtt 

^2783145-^ 

(24)S#B ^10^(1998)5^228 



(51)IntCL 6 
C 2 2 C 38/00 
38/46 
C 2 3 C 8/26 



3 0 1 



F I 

C 2 2 C 38/00 
38/46 
C 2 3 C 8/26 



3 0 IN 



BfcK«0>»2<£: 



) 



(21) fflS»# 

(22) tuna 

(65)&W#^ 
(43)&»B 



#B¥5 -338686 

JpfK 5 ¥(1993) 12^288 

ft&PW- 188852 
¥/£7#(1995)7£25B 
¥«84P(1996) 1E23B 



(73)#fWKf 000001199 

^mmti^w^umm 1 tb 3 #18 

(72)3S9i# t« 

ftnaa«'Fm»K»sa!«r2«» asc 

(72)|89Wf IK* «* 

avmm ma mm 



(54) csswo««:] 3g#t^©«n&£fc«^«33«fctf&fc«*a 



(57) [&nmxv>®.m 

C:0. 3~0. 7% 
WTHU) 
S i : 0. 8~4% 
Mn:0. 2~ 1. 5 % 
C r : 0. 4~3% 

sol. A 1 : 0 . 0 2~0. 7Xi*tt4i*C 
2 Oppm MKV : 0. 0 5- 

0. 5% 

Nb : 0. 0 5~0. 5 % 
Mo : 0. 0 5~0. 5% 

Ni:0. l~3X«fcO*t*»*»6a*?**T.*7C**l 
&g?j|a©tp'i>£-§-tJfflfc5l*]f0r® 3 6 0 0mm2 lefctt* 



2 ] US* l B*©Efr t*fc-r«»«tf*a 

*«3Hs*«9 OOJJLh. rt»Oty*-^iSHi^ 
4 5 0~5 7 0 T*5 ^ i SWkit 4«»»S©«n 

[0 0 0 1] 
[0 0 0 2] 



g*$nT*50. ^LfcgttKJfcA&fc** J I SIC 
aj£Sn*SWOSC-V (J I S G3 5 6 6) Offl 

SaofciMA'tli^tltlr^ («*.tf«rHW6 3-21 

6951#4i«) . 
[0 0 0 3] La>Ufc#S, SifitC*5Vt4iaS*3fiftW 

cDiessta^^ttTfi^-ti e> ©gMK&jsusmfc < tz-z> 

V»S <«*.«, toflaSHRWaE^' 8 7^$y8i5j;tr 9 

[0 0 0 4] fcC5**fcfldW**ffll*fc*KailfT 
"b, *MStt*V^Hv 8 6 Oi«ttTT*D. X 

«JS#7 0 ± 5 0kgf/mm2 ©*0iSb^ffl*SW-*4: 2 

■CD*3tt3tc«aP5c»4:l/TA l**#A6tl*. ttftftflfc 
UT«*WBJS»ftlClt<fflV>Sn* J I S S ACM 6 
4 5§Tfc> CfttHi©IWi!»6 0._ 7 0^1. 2% 

[0 0 0 5] u*»Uft**6^tfia»-*v»Ttt. W&Mft 
SE*K:J:»*»««tHr<fc»CA 1 2 O3 ^^«Et!© 
SfiRJStfe-SA 1 ©^JP«ffi^)fflIA4^#T?feO. ^© 
fc«6SI»!B#©JKB?tJi:LTttS i1>Mn^ffl^&nt^ 

s. c:<d»^, ^e**fi»j«©«Lj5j6»cfwwbTa©r» 
^ttfcajssiftw-racttfcss*©****^ <■* 

2 0~5 0 p pmiS) -C*4©T> MCtinS^ 

«E»©ift«fl«cttA i \z& omrnvtzm (as 2 opp 

[0 0 0 6] 

R&ctts uT«csnfct)©T?*oT. -e©ew«, ft 

L^-p^f 3 *>©"?&&. 
[0 0 0 7] 

©T*fc*»Wfc««ilfl:tffaffl«lO«lJ*tt. C : 0. 

3~0. 7% 

Si : 0. 8~4% 



WHF2783M5 

Mn:0. 2 ~ 1 . 5% 
C r : 0. 4~3% 

sol. Al : 0. 02-0. 7 J^^tttStftl:, 
2 Oppm KTTfcD* ICV : 0. 0 5~ 

0. 5% 

Nb : 0. 05~0. 5% 
Mo : 0. 0 5~0. 5% 

Ni:0. l~3%<fc9fc£>P^<=>3iR£ns l«£Lh 
0, feS9^©4 , 'D>*^tl , ffiS^»i®3 6 0 0mm2 

tK©*<rr* , b©T*a. tit, ±fes#s:j^fc-r 

ffl**Ktfte££fc$&SLTfc»3, *®^e> 1 0 Mm£(.|*I 
©t'7*-^S^Hs)iS9 0 0K±, l*lSB©fcfy;*J — 7. 
I$H i d*4 5 0~5 7 OT^S*)©^ i!£#3£&©# 

[0 0 0 8] 

[«UB] ±B©«lC*B9m, C, Si, Mn, Cr, 
sol. A 1 afctffc**©ft£tf*fl««JES*iS£# 
tC, V, Nb, Mofc^tfN i «fc Dfc*»J&*S»*?3tt 

»#©EE5£:£|5J»T® 3 6 0 0mm2 \Z&tf Z>#&Mfr&%>> 

f> 1 0 /xmei.F*g©t'«y* — 7.®£H s**9 0 0 £U:, ft 
g|5cDt*^^-7.5M$H i*U50~5 7 0 ©Sffctfta* 

&©-?&?). d©g<ftfcffc«#?irK:«*T.fc*£# 
LT**K«nfcttiB*56*-r* , b©T**. # 

[0009] C : 0. 3~0. 7 % 
0. 3 XSti^f ^tftftfttfa^a^. L^L£t# 

££~Ftf5£:s!>t::fc0. 8 %RT(tffix.4^S^$.«)„ 

[0 0 1 0] S i : 0. 8~4% 
g<bMS^©«fe©B^fe0l4SrlB]±-r-5fe.Je)tC^© 
4>&<<t:fc0. 8 %K±# ; fr ^itfttttlte* 
£ <b L*» * ttJtt©ffiT5^*b < fc-5© 
T\ 4%JWTfC#PA3^#T&£,, 

[0 0 11] Mn : 0. 2~1. 5% 
««B#©ittBfctlBttrtl±»C*Ja^ffl1"*7E*T**), 

cn6©ffffl i fe j (r»»c«»*-&*i-tto. 2%£i±^*r 

-St. fiiRfClSjfflllST^'ft'f h^© 
[0 0 12] C r : 0. 4~3 % 



(3) 



4#ffF2783145 



BS©ia]±K&<Ci©T#fcV»7GJlrc*9. *©3ft* 

^©iraxtfEJSfc&S. 
[0 013] sol. Al :0. 0 2~0. 7% 

o i . a i i4s<fcfflaicj:*«saa©iei±ic«nfc3a 

jCBgoi: Al£0. 0 2 %Ek±&m21tfcVtlt£ 

fl:«ft**»aioTeTtT<-6OT0. 7 %£TFt::«lA& 

[0014] V:0. 0 5~5%, Nb : 0. 0 5~ 
0. 5%, Mo:0. 05~0. 5%, Ni:0. 1~ 

fcat>» ^Jfc<i:'bl«*±E©TIWteUi'Mr*'&*W 
fttftt&fc^. L*»bftjfl«6. V, Nb, MoC^fi 
35»±l8il«rjfflA*t, B**KMIS«rt , *fl:*3i> t *J*m 
<ftoTS^ttSft<MSt, SfcN i «*»-hlfi 

[0 0 15] *f5WKl#*#tifaJi«i*f0^3WI)*7U* 
SSC^Tte* ^©^SS 2 0 ppm £(,TK:ffllx5 £: 

[0 0 16] 3eK*«WT»4» *fc«> 

«M»»©'f'C.^^trEtt*^lWfffi3 6 0 0mm2 rtfcfctt 
SH^JUfl-fc^©:*^^ 1 5 um^TCf SI 

I^IT 1 5 # mSrjSASi&rfc&IE&SfcfHi 
#1(4. «»«E«KOie^i<toTliOiEL/l£:**S^fci: 



[0017] H, 15 nmETF <DWLmfc&&mfttE®ltf 
b<f4l^fr®3 6 0 0mm2 rtKi3<^X> 5~15 

[0 0 18] *%sjlc#-5^t«*at4, ±fEg#£ii5SS 

irfflK-fbT-S^tl-iOv ^B#>£ l 0 u mJWrt©fc: y 
*-^f SHs 0 0£t±tt5t*l:. W»©t;y 
# — 7.?g£H i £4 5 0~5 7 0 ©$gBt--f & - £ 
ctf^tlS. »^10tfmElrtfflh'7*-^IS 
Hsd*9 0 0*«Xt4, SSOVhiJy^^Se^it 
■&«#«aW*iB£DJi<&D. Sfcfi«WS#H v 4 5 

jglCHv 5 7 0£i@;t&<i:, rt»T:fr«E4&iB£©JfrJJia« 

jg^DSKfco. vvrnt>»fi©^ s ft 

&<&-5. SfcH©S3tt4#lcl8«Sftfc^a«, « 

[0 0 19] 

e tOTtBHiS^J^«toX$iJES$gt4S ! b©X{475:<, hS 
&f2©ggglcil£- L#£$&HTjg^ (c^M£Jra*T3i|SS 

-r-Bcife^^nitix^o. -t-ft&ttv»-fft%>*ffigi© 
[0020] rn&m i 

asi Ks-r<t*i&i«©<P!s*§iu inwffiffiKiiofia 

— # * - fife A n«feR -b — tf 4ae3E»— t O * IRJfc 
jiXESS. 2mm©fc£faffliiligl£f1 ; iSU *2 tc^f 
»7E©«fa*«ifiUfc. ;in<=>©l^ V, Nb&SsiP© 
J£«fl?No. 8tttffcJ«»«t'K*fa3& t *»L/, SfcNi 
*fcttC r*#*©KV»Jfc*HPlNo.- 9, 1 0 te#3£jJD 
X^KBrfcrt^SSU (^Tftt>«ftfi£^X^&;fr>o;t. 
tffcJ*®t - *£i:©TSfct>©fc'3<'>Xtt, ->3 y h fcf 
— =>yffla*JfiUT*»6tffc*»ttifc*fffe5 <t# 
fc, tfta*»©W$»*S««L/^. -tft&©iia*afctf 
fc»#£bT©#£*^ft*©**3WJ&B*£*3K: 

[0 0 2 1] 
[*1] 



(4) 



*#ffF2783145 



No. 








( m s % ) 








7lLlA.£i 1 ii i^T* l i j 

W*R3li-L , T J 






c 


b l 


M n 




V 


IN U 




Mo 


sol . 
A 1 


SJ5t3*T5 
(ppfil) 


1 


0.59 


2.01 


1.02 


1.01 


0.11 


0.15 


0. 52 


Tr. 


0.20 


5 


Mb 


Mb 




2 


0.60 


1.97 


1.00 


0.99 


0.22 


0.35 


0.98 


0.11 


0.21 


8 


Mb 


Mb 




3 


0. 58 


1.99 


0.99 


0.97 


0. 30 


Tr. 


1.49 


0.21 


0.41 


10 


Mb 


Mb 


// 


4 


0.61 


2.02 


0.97 


1.04 


0. 47 


Tr. 


2.93 


0. 20 


0.65 


10 


Mb 


Mb 


ttsm 


5 


0. 60 


2.04 


0. 99 


1.02 


0. 20 


Tr. 


n go 


0.18 


0.01 


37 


mi> 


Mb 


// 


6 


0.60 


2.00 


1.01 


0.99 


0.21 


Tr. 


1.01 


Tr. 


Tr. 


15 


Mb 


Mb 


// 


7 


0.59 


2.01 


0.97 


1.01 


0.20 


Tr. 


1.00 


U. Uo 


n qq 
U. uo 


7 








8 


0.60 


2.05 


0.99 


0.98 


Tr. 


Tr. 


0. 02 


0.01 


0. 27 


9 


Mb 


WD 


ir 


9 


0.55 


2.02 


1.01 


1.03 


0.21 


Tr. 


3.87 


0.55 


0.22 


12 


WO 




// 


10 


0.57 


1.95 


0.88 


3.10 


0.09 


Tr. 


0. 35 


0.53 


0. 20 


13 


WO 






11 


0. 55 


0.72 


0. 95 


0. 75 


0.12 


0.08 


0. 43 


Tr. 


0. 35 


11 


Mb 


Mb 





[0 0 2 2] [0 0 2 3] 

[*2] . [3g3] 









3.2mm 


tm = 686N/mm 2 




21. Omra 




6. 5« 


ia =539N/mm 2 




4.5# 


tffcJEK 


24. 5N/mm 





Nol 


mtfr-cD-ftmb i) 


2) 

Hs CHV) 


Hi (HV) 


mm* 


(0) 






^#^16jLtni 


3) 


1 


0 


A 


915 


503 


75 


5. 0QX10 7 


mm 




2 


0 


6 


935 


536 


83 


5.00xi0 T 






3 


0 


11 


984 


544 


72 


5. 00X10 7 


mrm 




4 


9 


14 


1053 


564 


79 


1.15X10 7 






5 


12 


121 


930 


539 


79 


2.66X10 7 






6 


0 


21 


878 


527 


87 


0.88X10 7 




Jtl»fia 


7 


2 


4 


1085 


529 


34 


2.47X10 7 


v y v 




11 


0 


15 


970 


425 


67 


0. 75X10 7 







3) 5 ixmM±<D&n-mm. 



(5) 



#|f2783145 



itmm^o. 5tt. ^«E*iBjSO*«»C«k0 3X 1-0' 
^7T.O^^I-J;0 7^ ■;->i7'f JfTJSS:®^ L-TV>&. 

[0025] mmm 2 



* 1 iCTfcLfcN o. 1 fiD«#^6»Jfibfctf*a)fe«M . 

[0 0 2 6] "- 
[«4] 



No. 


Bs (BV) 


Hi (HV) 


mm* 

d(uia) 


(SI) 






1 a 


905 


559 


75 


5.00X10 7 






1 b 


956 


470 


93 


5.0OX1O 7 






1 c 


885 


554 


70 


0.77X10 7 


mm 




1 d 


875 


582 


62 


1.86X10 7 






1 e 


956 


439 


97 


0.67X10 7 







[0 0 2 7] «4*^t)^^>^T?$. ; S>«(C, Hs©6^ 
No. 1 c te«ffi#9*K «k 0 < , H i 

t#4No. 1 dtt^«E*iBj*i©a«K«tO 2X 1 0' 
EiaTTi>r«*JBwbTlf»*. *fcH !©<SV»No. 1 

•frS^TSISf *No. la, lbTB, 7 OX 5 5kg 
f/mm2 ©JStfjT5x 1 0? @ei± t-T* 
0, MJ:0fei*WfU<|S]J:tT^5uW5 



[0 0 2 8] 



(56)##*itK ¥ 6 -220579 (J P, A) 



(58)BSUfc»»(Int.C1.6. DB«) 
C22C 38/00 301 



